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SUBSTRATE STICKING METHOD AND ITS DEVICE 

[Abstract] 

PROBLEM TO BE SOLVED: To surely stick substrates together in a short 
20 time. 

SOLUTION: Two substrates 33, 34 at least either one of which is provided 
with an adhesive 37 are oppositely arranged in a vacuum chamber 15, the 
inside of the vacuum chamber 15 is gradually exhausted and after that, 
made into a vacuum state by rapidly exhausting it. And the respective 
25 substrates 33, 34 are mechanically pressurized and stuck together and 



gas is gradually introduced until the inside of the vacuum chamber 15 
becomes prescribed pressure after the pressurization and the sticking. 
And when the inside of the vacuum chamber 15 reaches the prescribed 
pressure, the inside of the vacuum chamber is set as atmospheric 
pressure by rapidly introducing the gas. 



[Claims] 
[Claim 1] 

A substrate adhesion method wherein two sheets of substrates at 
least one of which has an adhesive are positioned within a vacuum 

5 chamber of the vacuum state, pressurized and adhered together, wherein 
the substrates are disposed opposite to each other and are target 
adhesion subjects, the method comprising: 

a first exhaust process in which each of the substrates is 
introduced into the vacuum chamber and slowly exhausted until the 

6 inside of the vacuum chamber obtains a predetermined pressure; and 

a second exhaust process in which if the inside of the vacuum 
chamber obtains a predetermined pressure in the first exhaust process, 
the inside of the vacuum chamber is rapidly exhausted to become the 
vacuum state. 
» [Claim 2] 

The substrate adhesion method as claimed in claim 1, further 
including: 

a pressurization process of mechanically pressurizing each of the 
substrates in the vacuum state; 

a first gas introduction process in which after the pressurization 
process, a gas is slowly introduced until the inside of the vacuum 
chamber having the vacuum state obtains a predetermined pressure; and 

a second gas introduction process in which if the inside when the 
vacuum chamber obtains the predetermined pressure in the first gas 
introduction process, a gas is rapidly introduced to make the inside of the 



vacuum chamber to include an atmospheric pressure. 
[Claim 3] 

A substrate adhesion method wherein two sheets of substrates at 
least one of which has an adhesive are positioned within a vacuum 
5 chamber of the vacuum state, pressurized and adhered together, wherein 
the substrates are disposed opposite to each other and are target 
adhesion subjects, the method comprising: 

a pressurization process of mechanically pressurizing each of the 
substrates in the vacuum state; 
10 a first gas introduction process in which after the pressurization 

process, a gas is slowly introduced until the inside of the vacuum 
chamber having the vacuum state obtains a predetermined pressure; and 

a second gas introduction process in which if the inside when the 
vacuum chamber obtains the predetermined pressure in the first gas 
15 introduction process, a gas is rapidly introduced to make the inside of the 
vacuum chamber to include an atmospheric pressure. 

[Claim 4] 

A substrate adhesion apparatus including a vacuum chamber that 
20 pressurizes two sheets of substrates being a target adhesion subject 
therein and adhering the two substrates, a table that is disposed within 
the vacuum chamber and can move in a parallel direction to a plane of a 
corresponding substrate, which supports one of the two substrates, and a 
pressurization plal^ that is disposed within the vacuum chamber and can 
25 move in a perpendicular direction to a plane of a corresponding substrate, 



which supports the other of the two substrates and is opposite to one of 
the substrates, the substrate adhesion apparatus comprising: 

a gas exhaust means that evacuates the inside of the vacuum 
chamber and is disposed in the vacuum chamber; and 

an exhaust speed varying means, disposed in the gas exhaust 
means, that changes the exhaust speed of a gas within the vacuum 
chamber and is disposed in the gas exhaust means. 
[Claim 5] 

The substrate adhesion apparatus as claimed in claim 4, wherein 
the exhaust speed varying means includes a first exhaust mechanism that 
slowly exhausts the vacuum chamber until the vacuum chamber obtains a 
predetermined pressure, and a second exhaust mechanism that rapidly 
exhausts the vacuum chamber of the vacuum chamber obtains a 
predetermined pressure. 
[Claim 6] 

The substrate adhesion apparatus as claimed in claim 4, further 
comprising: 

a gas introduction means that allows the inside of a corresponding 
vacuum chamber to obtain an atmospheric pressure and is disposed in 
the vacuum chamber, and 

an introduction speed varying means that changes the introduction 
speed of the gas into the vacuum chamber and is disposed in the gas 
introduction means. 
[Claim 7] 

A substrate adhesion apparatus including a vacuum chamber that 



pressurizes two sheets of substrates being target adhesion subjects 
therein and adhering the two substrates, a table that is disposed within 
the vacuum chamber and can move in a parallel direction to a plane of a 
corresponding substrate, which supports one of the two substrates, and a 
pressurization plate that is disposed within the vacuum chamber and can 
move in a perpendicular direction to the plane of the corresponding 
substrate, which supports the other of the two substrates and is opposite 
to one of the substrates, the substrate adhesion apparatus comprising: 

a gas introduction means that is disposed in the vacuum chamber 
and allows the inside of a corresponding vacuum chamber to obtain an 
atmospheric pressure; and 

introduction speed varying means that is disposed in the gas 
introduction means and varies the introduction speed of a gas into the 
vacuum chamber. 
[Claim 8] 

The substrate adhesion apparatus as claimed in claim 6 or 7, 
wherein the introduction speed varying means includes a first gas 
introduction mechanism that slowly exhausts the vacuum chamber until 
the vacuum chamber obtains a predetermined pressure, and a second gas 
introduction mechanism that rapidly exhausts the vacuum chamber when 
the vacuum chamber obtains a predetermined pressure. 
[Claim 9] 

The substrate adhesion apparatus as claimed in claim 6 or 7, 
wherein the fir f st gas introduction mechanism includes a pipe 
communicating with the vacuum chamber, and a valve that closes the 



pipe, and 

the second gas introduction mechanism has ah atmospheric open 
valve that opens the vacuum chamber to the atmosphere. 
[Claim 10] 

5 The substrate adhesion apparatus as claimed in claim 9, wherein if 

the pressure within the vacuum chamber exceeds a predetermined 
pressure, force is applied to the atmospheric open valve in advance so 
that the atmospheric open valve can be opened. 

1 0 [Title of the invention] 

SUBSTRATE STICKING METHOD AND ITS DEVICE 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] 
15 The present invention relates to a substrate adhesion method and 

apparatus thereof, wherein press force is effectively applied when two 
substrates are adhered together. 
[0002] 

[Description of the Prior Art] 

20 In manufacturing a liquid crystal display panel, two sheets of glass 

substrates in which a transparent electrode or a thin film transistor array 
is disposed are adhered together with a very close distance of several |im 
(for example, 2|im) using a sealant having a P shape, which is provided at 
the outer edge of the substrates or an adhesive coated ona_proper 

25 location of the outer circumference of the substrate (the substrates after 



adhesion is referred to as "cell"). Each of the substrates and a space 
formed by the sealant or the adhesive is sealed using liquid crystal. 
[0003] 

Conventionally, a substrate adhesion method when performing 
sealing of liquid crystal includes Japanese Unexamined Patent 
Application Publication No. 2000-284295 discloses a method in which 
liquid crystal is dropped on one of substrates in which the sealant is 
patterned in a close pattern (P shape) so that an inlet is not formed. 
Further, the other of the substrates is disposed on one of the substrates 
within the vacuum chamber, a distance between the other of the 
substrates and one of the substrates becomes narrow in the vacuum state, 
and the two substrates are pressurized and adhered together. 
[0004] 

To be more precise, in the substrate adhesion method disclosed in 
Japanese Unexamined Patent Application Publication No. 2000-284295, a 
bottom surface of a pressurization plate disposed within the vacuum 
chamber supports one of the substrates. In a same manner, the other of 
the substrates is supported on a table which is disposed within the 
vacuum chamber opposite to the pressurization plate. Further, the inside 
of the vacuum chamber is depressurized to become a vacuum state. A 
distance between the pressurization plate and the table becomes narrow, 
and the two substrates are adhered together. 
[0005] 

[Means for Solving the Problem] 

In the substrate adhesion method disclosed in the exemplary prior 



art, however, when making the inside of the vacuum chamber in the 
vacuum state, each of the substrates is torn by the flow of a gas 
exhausted within the vacuum chamber. Further, there is a possibility that 
positional deviation or damage such as crack can occur in the substrate 
supported in the pressurization plate or the table. 
[0006] 

Furthermore, since the pressure is rapidly decompressed, there is 
a problem in that moisture in the air within the vacuum chamber, and 
moisture adhered to a wall within the vacuum chamber, a film of the 
substrate, the liquid crystal and the like is frozen, having a bad influence 
on the cell. In this case, in order to avoid the bad influence on the cell, a 
waiting time until the frozen moisture is vaporized is needed. Thus, there 
is a problem in that time is taken in a substrate adhesion process. 
[0007] 

Furthermore, in the substrate adhesion method, the substrates are 
adhered together by applying pressure to each of the substrates using the 
pressurization plate. However, there is a problem in that the upper and 
lower substrates cannot be adhered together only with the pressure of the 
pressurization plate. For example, in the case of a small substrate, desired 
press force can be obtained only with the pressurization plate that gives 
mechanical press. If a substrate is large, press force becomes short and a 
sealant is not adhered in an effective way. This makes it impossible to 
adhere the substrates with a desired distance. Further, as such, if the 
sealant is not adhered in an effective way, a contact area between the 
substrates and the sealant becomes small, resulting in a poor contact 



state. Furthermore, since liquid crystal does not diffuse into 
circumference of the sealant, there is a problem in that a large vacuum 
space is formed within the circumference. 
[0008] 

Accordingly, the present invention has been made in view of the 
above problems, and it is an object of the present invention to provide a 
substrate adhesion method and apparatus thereof, wherein generation of 
tearing of substrates or frozen moisture can be prevented, and adhesion 
can be thus accomplished certainly within a short time. Another object 
of the present invention to provide a substrate adhesion method and 
apparatus thereof, wherein a distance between substrates after adhesion 
can be positioned exactly, whereby adhesion is accomplished certainly 
within a short time. 
[0009] 

[Means for Solving the Problem] 

In order to accomplish a first object, in the present invention 
according to Claim 1, there is provided a substrate adhesion method 
wherein two sheets of substrates at least one of which has an adhesive 
are positioned within a vacuum chamber of the vacuum state, pressurized 
and adhered together, wherein the substrates are disposed opposite to 
each other and are target adhesion subjects, the method including a first 
exhaust process in which each of the substrates is introduced into the 
vacuum chamber and slowly exhausted until the inside of the vacuum 
chamber obtajns a predetermined pressure, and a second exhaust 
process in which if the inside of the vacuum chamber obtains a 



predetermined pressure in the first exhaust process, the inside of the 
vacuum chamber is rapidly exhausted to become the vacuum state. 
[0010] 

In this case, in the present invention according to Claim 2, in order 
to accomplish a first object, in the substrate adhesion method according 
to Claim 1, the substrate adhesion method includes a pressurization 
process of mechanically pressurizing each of the substrates in the 
vacuum state, a first gas introduction process in which after the 
pressurization process, a gas is slowly introduced until the inside of the 
vacuum chamber having the vacuum state obtains a predetermined 
pressure, and a second gas introduction process in which if the inside 
when the vacuum chamber obtains the predetermined pressure in the first 
gas introduction process, a gas is rapidly introduced to make the inside of 
the vacuum chamber to include an atmospheric pressure. 
[0011] 

In order to accomplish the second object, in the invention 
according to Claim 3, a substrate adhesion method includes a 
pressurization process of mechanically pressurizing each of the 
substrates in the vacuum state, a first gas introduction process in which 
after the pressurization process, a gas is slowly introduced until the 
inside of the vacuum chamber having the vacuum state obtains a 
predetermined pressure, and a second gas introduction process in which 
if the inside when the vacuum chamber obtains the predetermined 
pressure in the first gas introduction process, a gas is rapidly introduced 
to make the inside of the vacuum chamber to include an atmospheric 



pressure. 
[0012] 

In order to accomplish the first object, in the invention according 
to Claim 4, a substrate adhesion apparatus includes a vacuum chamber 
5 that pressurizes two sheets of substrates being a target adhesion subject 
therein and adhering the two substrates, a table that is disposed within 
the vacuum chamber and can move in a parallel direction to a plane of a 
corresponding substrate, which supports one of the two substrates, and a 
pressurization plate that is disposed within the vacuum chamber and can 

10 move in a perpendicular direction to a plane of a corresponding substrate, 
which supports the other of the two substrates and is opposite to one of 
the substrates. The substrate adhesion apparatus further includes gas 
exhaust means that evacuates the inside of the vacuum chamber and is 
disposed in the vacuum chamber, and exhaust speed varying means that 

15 changes the exhaust speed of a gas within the vacuum chamber and is 
disposed in the gas exhaust means. 
[0013] 

In this case, in the invention according to Claim 5, in the substrate 
adhesion apparatus according to Claim 4, the exhaust speed varying 

20 means includes a first exhaust mechanism that slowly exhausts the 
vacuum chamber until the vacuum chamber obtains a predetermined 
pressure, and a second exhaust mechanism that rapidly exhausts the 
vacuum chamber of the vacuum chamber obtains a predetermined 
pressure. 

25 [0014] 



Furthermore, in the invention according to Claim 6, in order to 
accomplish the second object, in the substrate adhesion apparatus 
according to Claim 4 or 5, the substrate adhesion apparatus further 
includes gas introduction means that allows the inside of a corresponding 
vacuum chamber of the vacuum state to become an atmospheric pressure 
and is disposed in the vacuum chamber, and introduction speed varying 
means that changes the introduction speed of the gas into the vacuum 
chamber and is disposed in the gas introduction means. 
[0015] 

In order to accomplish the second object, in the invention 
according to Claim 7, there is provided a substrate adhesion apparatus 
including a vacuum chamber that pressurizes two sheets of substrates 
being a target adhesion subject therein and adhering the two substrates, a 
table that is disposed within the vacuum chamber and can move in a 
parallel direction to a plane of a corresponding substrate, which supports 
one of the two substrates, and a pressurization plate that is disposed 
within the vacuum chamber and can move in a perpendicular direction to 
a plane of a corresponding substrate, which supports the other of the two 
substrates and is opposite to one of the substrates. The substrate 
adhesion apparatus further includes gas introduction means that is 
disposed in the vacuum chamber and allows the inside of a 
corresponding vacuum chamber of the vacuum state to become an 
atmospheric pressure, and introduction speed varying means that is 
disposed in the gas introduction means and varies the introduction speed 
of a gas into the vacuum chamber. 



[0016] 

In this case, in the invention according to Claim 8, in the substrate 
adhesion apparatus according to Claim 6 or 7, the introduction speed 
varying means includes a first gas introduction mechanism that slowly 
exhausts the vacuum chamber until the vacuum chamber obtains a 
predetermined pressure, and a second gas introduction mechanism that 
rapidly exhausts the vacuum chamber of the vacuum chamber obtains a 
predetermined pressure. 
[0017] 

Furthermore, in the invention according to Claim 9, in the substrate 
adhesion apparatus according to Claim 8, the first gas introduction 
mechanism includes a pipe communicating with the vacuum chamber, 
and a valve that closes the pipe, and the second gas introduction 
mechanism has an atmospheric open valve that opens the vacuum 
chamber to the atmosphere. 
[0018] 

Furthermore, in the invention according to Claim 10, in the 
substrate adhesion apparatus according to Claim 9, if the pressure within 
the vacuum chamber exceeds a predetermined pressure, force is 
previously applied to the atmospheric open valve so that the atmospheric 
open valve is opened. 
[0019] 

[Embodiment of the Invention] 

[First .Embodiment] A substrate adhesion apparatus according to the 
present invention will be described in connection with a first embodiment 



with reference to Figs. 1 to 3. 
[0020] 

[Configuration of Substrate Adhesion Apparatus] As shown in Fig. 1, 
the substrate adhesion apparatus mainly includes a XY0 stage unit S1 

5 that positions two substrates 33 and 34 being target adhesion subjects 
(hereinafter, the substrate 33 laid on a table 9 to be described later is 
referred to as a "lower substrate 33", and the substrate 34 supported by a 
pressurization plate 16 to be described later is referred to as a "upper 
substrate 34".), a substrate adhesion unit S2 that performs an adhesion 

0 operation on the substrates 33 and 34, and a Z-axis moving stage unit S3 
that performs a first pressurization operation on the substrates 33 and 34, 
wherein the respective units 81, S2 and S3 are sequentially disposed on 
the mounting plate 1. In this case, the XY0 stage unit S1 is located on 
the mounting plate 1. The substrate adhesion unit S2 is supported by a 

> first frame 2 having four support pole laid on the mounting plate 1. The 
Z-axis moving stage unit S3 is supported by a second frame 3 having four 
support poles disposed on the mounting plate 1. Hereinafter, the units S1, 
S2 and S3 will be described in detail. 
[0021] 

[XYG Stage Unit] The XY8 stage unit S1 includes a X stage 4a 
disposed on the mounting plate 1, a Y stage 4b disposed on the X stage 4a, 
and a 6 stage 4c disposed on the Y stage 4b. The X stage 4a of the 
present embodiment is constructed to move the Y stage 4b and the 9 
stage 4c in the right and left direction (a X-axis direction in Fig. 1) by 
means of a driving motor 5. Furthermore, the Y stage 4b is adapted to 



move the 9 stage 4c in the forward and backward direction (a Y-axis 
direction in Fig. 1) by means of a driving motor 6. Furthermore, the 9 
stage 4c is constructed to rotate in the 9 direction shown in Fig. 1 
against the Y stage 4b by means of the driving motor 8 with the rotary 
5 bearing 7 intervened therebetween. 
[0022] 

In this case, the table 9 on which the lower substrate 33 is located 
is fixed on the 9 stage 4c through the support pole 10. Further, an arm 
11 that surrounds a bottom side of the support pole 10 is disposed on the 

10 Y stage 4b through the rotary bearing 13 and the vacuum seal 14. This 
prevents the arm 11 from rotating according to the rotation of the support 
pole 10. Furthermore, a vacuum bellows 12 one end of which is fixed on 
the arm 11 and the other end of which is fixed to the bottom of the vacuum 
adhesion room 15, wherein the vacuum bellows is made of a resilient 

15 material of a bellow shape surrounding the support pole 10, is disposed 
between the arm 11 and a vacuum adhesion room 15 of the substrate 
adhesion unit S2. The vacuum bellows 12 maintains the vacuum state 
within the vacuum adhesion room 15 upon adhesion. 
[0023] 

20 Furthermore, in the present embodiment, it has been described 

that only one support pole 10 is disposed almost at the center of the table 
9, the present invention is not limited thereto. For example, the support 
pole 10 can be disposed in plural if it can be rotated as much as a 
predetermined value of the table 9 by the 9 stage 4c (the amount of 

25 deviation of a positional matching mark to be described later). 



[0024] 

[the substrate adhesion unit] The substrate adhesion unit S2 includes a 
vacuum adhesion room (vacuum chamber) 15 that adheres two sheets of 
substrates 33 and 34 under vacuum, a table 9 disposed within the 
vacuum adhesion room 15, and a pressurization plate 16 that is disposed 
an upper side of the table 9 within the vacuum adhesion room 15, as 
shown in Fig. 1. In this case, the lower substrate 33 in which an adhesive 
37 or liquid crystal 39 to be described later is disposed is supported on 
the table 9. The upper substrate 34 adhered to the lower substrate 33 is 
supported on the pressurization plate 16. 
[0025] 

A first aperture 15a through the substrates 33 and 34 are go in out 
are disposed on the side of the vacuum adhesion room 15. Further, a gate 
valve 17 that closes the first aperture 15a is disposed in the vacuum 
adhesion room 15. In this case, the gate valve 17 is constructed to move 
in the up and down direction (a Z-axis direction in Fig. 1) by means of a 
cylinder 17A. 
[0026] 

Furthermore, first and second exhaust tubes 20a and 20b for 
evacuating the vacuum adhesion room 15are disposed under the vacuum 
adhesion room 15. Each of the exhaust tubes 20a and 20b is connected to 
a vacuum pump through a switch valve (not shown). In this case, the first 
exhaust tube 20a has a smaller diameter than that of the second exhaust 
tube 20b. For example, in the case of an exhaust tube whose cross 
section is almost circular, assuming that the diameter of the first exhaust 



tube 20a is 1, the diameter of the second exhaust tube 20b is about 10 to 
100 times. In this case, the diameter of the first exhaust tube 20a is 
designed to have the speed in which when the vacuum adhesion room 15 
is evacuated from the first exhaust tube 20a f tearing of the substrates 33 
5 and 34 due to the flow of a gas and frozen moisture due to scattering or 
decompression of liquid crystal on the lower substrate 33 are not 
generated. For example, when setting the diameter, the first exhaust tube 
20a is experimented in pipes having different sizes. The first exhaust tube 
20a having a diameter set based on the experiment results is disposed. 
10 [0027] 

Further, a plurality of elevation pins 35 for receiving the lower 
substrate 33 from a movable machine (not shown) or taking out a cell is 
put erect on the part of the table 9 within the vacuum adhesion room 15. 
The elevation pins 35 has one end (the bottom in Fig. 1) in which the 
15 cylinder 36 is disposed. The elevation pins 35 are constructed to move in 
the up and down direction within a through hole formed in the table 9 by 
means of the cylinder 36. 
[0028] 

Furthermore, a pipe 21 is disposed on the vacuum adhesion room 
20 15and serves to return the vacuum state within the vacuum adhesion 
room 15 to an atmospheric pressure. A valve 22 is disposed in the middle 
of the pipe 21 and serves to introduce or preclude a gas (air) within the 
vacuum adhesion room 15. In this case, a pressure source (e.g., a pump) 
(not shown), is coupled to the pipe 21. It is thus possible to control the 
25 introduction speed of the gas into the vacuum adhesion room 15. 



Furthermore, the pressure source may not be disposed, if needed. 
[0029] 

Further, an atmospheric open valve 23 having a sheet shape, which 
closes the second aperture 15b formed in the vacuum adhesion room 15, 
and a cylinder 24 that separates the atmospheric open valve 23 from the 
second aperture 15b are disposed on the side of the vacuum adhesion 
room 15 (an opposite side to the side where the gate valve 17 is provided). 
As such, as the atmospheric open valve 23 separates the atmospheric 
open valve 23 from the second aperture 15b, the inside of the vacuum 
adhesion room 15 can be rapidly returned to the atmospheric pressure. In 
this case, in the case where the cross section of the pipe 21 is almost 
circular, assuming that the diameter of the pipe 21 is 1, it is preferred that 
the diameter of the second aperture 15b is 5 or higher. 
[0030] 

Furthermore, a plurality of windows 25 for monitoring positional 
matching marks of the substrates 33 and 34 through a mark recognition 
hole (not shown), which is formed in the pressurization plate 16, is 
disposed on the vacuum adhesion room 15. In this case, in monitoring the 
positional matching marks, the recognition camera 26 shown in Fig. 1 is 
used. Deviation of the positional matching marks of the substrates 33 and 
34 is measured using the recognition camera 26. 
[0031] 

Then, electrostatic adsorption electrodes (not shown) and a 
plurality of vacuum adsorption holes 9a, for adsorbing the lower substrate 
33 by way of electrostatic or vacuum adsorption, are disposed in the table 



9. 

[0032J 

In the present embodiment, the electrostatic adsorption electrodes 
are almost square flat panel electrodes and are inserted into two almost 
5 square concave portions, respectively, which are formed at both ends of 
the table 9. Further, the electrostatic adsorption electrodes have their 
surface (a surface side of the table 9) covered with dielectric substance. 
The principle surface of dielectric substance is formed to face the surface 
of the table 9. As such, the electrostatic adsorption electrodes disposed in 

10 the table 9 are coupled through a switch for applying a positive or 
negative DC power. For this reason, if a positive or negative voltage is 
applied to each of the electrostatic adsorption electrodes, negative or 
positive charges are generated in the principle surface of the dielectric 
substance. Further, the lower substrate 34 is adsorbed to the table 9 in an 

15 electrostatic manner due to crone power generating between the lower 
substrate 34 and a transparent electrode film formed in the lower 
substrate 34. In this case, voltages applied to the electrostatic adsorption 
electrodes can have the same polarity or a different polarity. 
[0033] 

20 Furthermore, in the event that the inside of the substrate adhesion 

room 15 is atmospheric, suction adsorption can be preferably performed 
using the vacuum adsorption holes 9a. This is because if electrostatic 
adsorption is performed, a discharge phenomenon is generated due to 
static electricity, damaging the lower substrate 34 or the table 9 when an 

25 air layer exists between the lower substrate 34 and the table 9. For this 



reason, for example, since the circumstance is under atmosphere when 
the lower substrate 34 is first adhered to the table 9, it is preferred that 
suction adsorption is performed, and electrostatic adsorption is then 
performed after a decompression room is decompressed to the degree 
where the discharge phenomenon is not generated while the 
decompression room is decompressed. 
[0034] 

Thereafter, each of the vacuum adsorption holes 9a is coupled to 
an adsorption valve (not shown) disposed outside the substrate adhesion 
room 15 through the pipe 18, and is also coupled to a vacuum pump (not 
shown) through the adsorption valve. In this case, a bypass pipe for 
opening the atmosphere is disposed in the middle of the pipe 18 through 
a valve for releasing vacuum adsorption. The adsorption state is forcedly 
released by opening the valve for releasing vacuum adsorption. The table 

9 constructed above is fixed on the 9 stage 4c through the support pole 

10 as described above. 
[0035] 

Furthermore, in the same manner as the table 9, electrostatic 
adsorption electrodes and a plurality of vacuum adsorption holes 16a for 
adsorbing the upper substrate 34 are disposed in the pressurization plate 
16. At this time, as will be described later, if the substrate adhesion room 
15 is decompressed with the upper substrate 34 being adsorbed in the 
pressurization plate 16, there is a possibility that the upper substrate 34 
may be dropped since the adsorption force becomes weal. ,For this 
reason, a substrate support ring (not shown) for receiving the upper 



substrate 34 at a location right below the pressurization plate 16 is 
disposed within the substrate adhesion room 15. The substrate support 
ring can be disposed corresponding to two edge portions being a 
diagonal location of the upper substrate 34, and is supported by a shaft 
5 extending from the top of the substrate adhesion room 15 to the bottom 
thereof. 
[0036] 

In particular, though not shown, a shaft is inserted into a through 
hole formed on the top of the substrate adhesion room 15. The shaft is 

10 constructed to rotate around its shaft center and to move up and down. In 
this case, the shaft is surrounded with a vacuum seal in order to prevent 
vacuum leakage from occurring in the inside of the substrate adhesion 
room 15. The rotation is performed by a rotary actuator (not shown) 
coupled to the end of the shaft, and the up and down movement is carried 

15 out by an elevation actuator (not shown) coupled to the end of the shaft in 
the same manner. As such, as the shaft is rotated and moved up and down, 
the substrates 33 and 34 are adhered. The substrate support ring can be 
removed so that a liquid crystal agent dropped on the lower substrate 33 
does not interfere the diffusion of the principle surface of the substrates 

20 33 and 34 when the liquid crystal agent diffuses. 
[0037] 

Each of the vacuum adsorption holes 16a is coupled to the 
adsorption valve (not shown) disposed outside the substrate adhesion 
room 15 through the pipe 19, and is also coupled to the vacuum pump 
25 (not shown) through the adsorption valve. In this case, in the same 



manner as the table 9, a bypass pipe for opening the atmosphere is 
disposed in the middle of the pipe 18 through the valve for releasing 
vacuum adsorption. Further, the adsorption state is forcedly released by 
opening the valve for releasing vacuum adsorption. The pressurization 
plate 16 constructed above is fixed to a movable base 29, which will be 
described later, of the Z-axis moving stage unit S3 through a plurality of 
support poles 27. 
[0038] 

In this case, a vacuum bellows 28 made of a bellow elastic material 
that surrounds the support pole 27 is formed between the vacuum 
adhesion room 15and the movable base 29. One end of the vacuum 
bellows 28 is fixed on the vacuum adhesion room 15and the other end of 
the vacuum bellows 28 is fixed to the bottom of the movable base 29. 
Thereby, the vacuum bellows 28 maintains the vacuum state within the 
vacuum adhesion room 15 upon adhesion. 
[0039] 

[Z-axis Moving Stage Unit] The Z-axis moving stage unit S3 includes a 
movable base 29 that supports the pressurization plate 16, a linear guide 
30 disposed at both ends of the movable base 29, a rail 3a that engages 
the linear guide 30 and extends in the up and down direction (a Z-axis 
direction in Fig. 2) disposed in the frame 3, an electric motor 32 having an 
output axis of a Z-axis direction, and a ball screw 31 that has one end 
engaged with the movable base 29 and the other end engaged with the 
output axis of the electric motor 32. As such, since the Z-ajcis moving 
stage unit S3 is constructed, the driven electric motor 32 moves the 



movable base 29 in the up and down direction along the rail, moving the 

pressurization plate 16 up and down. 

[0040] 

[Operation of Substrate Adhesion Apparatus] The operation of the 
substrate adhesion apparatus according to the present embodiment will 
be below described. In this case, a case where a substrate for a liquid 
crystal panel is used as a substrate being a target adhesion subject will be 
described as an example. 
[0041] 

First, in order to seal liquid crystal within a defined frame when two 
substrate are adhered together, an adhesive of a circumference shape is 
coated so that it is not disconnected. A small amount of liquid crystal is 
then dropped on one of the two substrate. The substrate on which the 
liquid crystal is dropped will be referred to as a lower substrate 33. 
[0042] 

The outer circumference of the upper substrate 34 toward the 
bottom of a film is adsorbed using the hand of a moving machine (not 
shown) disposed outside the vacuum adhesion room 15. Further, the gate 
valve 17 disposed in the first aperture 15a of the vacuum adhesion room 
15 is opened and the hand of the moving machine is inserted from the 
vacuum adhesion room 15 into the first aperture 15a. The electric motor 
32 is driven to lower the pressurization plate 16, which is then pressed 
against the upper substrate 34. Thereafter, suction adsorption of the hand 
is released, and the vacuum pump operates to adhere the upper substrate 
34 to the pressurization plate 16 through the suction adsorption hole 16a. 



If the adsorption of the upper substrate 34 is completed, the hand is 

removed out of the vacuum adhesion room 15. 

[0043] 

Then, the cylinder 36 is driven to raise each of the elevation pins 35 
up so that the front end of each of the elevation pins 35 is projected from 
the surface of the table 9. Further, the Outer circumference of the lower 
substrate 33 on which a plane where the liquid crystal is dropped is a top 
surface is adsorbed from the bottom of the hand of the moving machine. 
The hand is inserted into the vacuum adhesion room 15 to move the lower 
substrate 33 on each of the elevation pins 35. If the movement of the lower 
substrate 33 is finished, the hand is removed out of the vacuum adhesion 
room 15 and the gate valve 17 is closed. Thereafter, each of the elevation 
pins 35 is lowered to locate the lower substrate 33 on the table 9. The 
vacuum pump is driven to vacuum-adsorb the lower substrate 33 to the 
table 9 through the suction adsorption hole 9a. 
[0044] 

If the adsorption of the substrates 33 and 34 to the table 9 and the 
pressurization plate 16 is thus completed, the valve on the part of the first 
exhaust tube 20a is opened to slowly discharge a gas within the vacuum 
adhesion room 15. To be more precise, in the present embodiment, in an 
initial state of the apparatus, the first and the second exhaust tubes 20a 
and 20b are all closed by means of the switch valve. If the adsorption of 
the substrates 33 and 34 is completed, the switch valve is switched so 
that the first exhaust tube 20a is opened and the second exhaust tube 20b 
is closed, slowly exhausting the gas within the vacuum adhesion room 15. 



In this case, since the gas is slowly exhausted using the first exhaust tube 
20a having the above diameter, it is possible to prevent tearing of the 
substrates 33 and 34 due to the flow of a gas, frozen moisture due to 
scattering or decompression of liquid crystal on the lower substrate 33. 
[0045] 

Thereafter, when the inside of the vacuum adhesion room 15 
obtains a predetermined pressure due to the exhaust by the first exhaust 
tube 20a, more particularly, atmospheric pressure within the vacuum 
adhesion room 15, which is measured using a pressure gauge (not 
shown) becomes a pressure that does not tearing of the substrate and 
generation of scattering or frozen moisture of liquid crystal although the 
exhaust speed is increased (for example, the upper substrate 34 adsorbed 
by vacuum adsorption force is decompressed to the pressure of the 
degree which does not fall from the pressurization plate 16), the valve of 
the first exhaust tube 20a is shut. 
[0046] 

Further, the valve of the second exhaust tube 20b is opened to 
rapidly decompress the inside of the vacuum adhesion room 15 until the 
pressure for adhering the substrates 33 and 34 (in the present 
embodiment, about 5x10 3 Torr). In this case, since atmospheric pressure 
within the vacuum adhesion room 15 becomes lower than the vacuum 
adsorption force of the upper substrate 33 under the pressure, the upper 
substrate 33 is fallen off from the pressurization plate 16. However, the 
aforementioned substrate support ring is provided at the bottom of the 
pressurization plate 16. The upper substrate 33 is supported by the 



aforementioned rotary actuator or the elevation actuator through 
movement of the substrate support ring. Thus, the upper substrate 33 is 
not fallen off from the pressurization plate 16. 
[0047] 

If the decompression within the above-described vacuum adhesion 
room 15 is completed, the substrates 33 and 34 are electrostatic-adsorbed 
by applying a voltage to the table 9 and the electrostatic adsorption 
electrode of the pressurization plate 16 so that the substrates 33 and 34 
can be adsorbed to the table 9 and the pressurization plate 16, 
respectively, under vacuum. Thereafter, the electric motor 32 is driven to 
lower the movable base 29, and to make the upper substrate 34 approach 
the lower substrate 33. Further, positional deviation between the 
substrates 33 and 34 is measured by monitoring the positional matching 
marks provided in the substrates 33 and 34 using the recognition camera 
26. The operation of each of the X stage 4a, the Y stage 4b and the 9 
stage 4c is controlled based on the measurement, and the table 9 is 
moved in a parallel way, thus exactly positioning the lower substrate 33 
and the upper substrate 34. 
[0048] 

If such positioning is completed, the movable base 29 is further 
lowered, and first pressurization is then performed in which the upper 
substrate 34 presses the adhesive. After the first pressurization, the 
application of the voltage to the electrostatic adsorption electrode of the 
pressurization plate 16 is stopped, and the electric motor 32 is driven to 
raise the pressurization plate 16 up. 



[0049] 

In this case, the state of each of the substrates 33 and 34 after the 
first pressurization is shown in Fig. 2. In this case, a distance between the 
substrates 33 and 34 is about 15, but is not a desired distance. Due to this, 
5 the amount of compression in the adhesive 37 is low, and a contact area 
between the substrates 33 and 34 in the adhesive 37 is small (since the 
length of the contact portion 38 is short), a contact state becomes 
incomplete. In addition, since the liquid crystal 39 does not disperse 
Within the edge of the adhesive 37, a great vacuum space unit 40 is 
10 formed between the liquid crystals 39. 
[0050] 

The state of each of the substrates 33 and 34 corresponds to a 
case where the pressure of the pressurization plate 16 in the 
aforementioned conventional example is short. In this case, in order to 
1 5 apply a desired pressure, a high pressure can be applied to the apparatus 
itself. Since the apparatus becomes bulky, however, the cost increases 
since the entire apparatus must be reconstructed. 
[0051] 

In this case, the pressure within the vacuum adhesion room 15 
20 varies from the vacuum state to the atmospheric pressure, the space 
portion (the aforementioned vacuum space unit 40) between the 
substrates 33 and 34 is in a vacuum state, and a high pressure is 
uniformly applied to each of the substrates 33 and 34 from the outside. 
For example, if the size of each of the substrates 33 and 34 is 1200 mm* 
25 1000 mm, the space portion between the substrates 33 and 34 is applied 



with force of 121.6 kN when being applied with the atmospheric pressure 
in the vacuum state. For this reason, in the present embodiment, the 
distance between the substrates is made to 5|im, preferably below 4 pi by 
performing secondary pressurization while the size of the apparatus is the 
same as those of the prior art. 
[0052] 

As mentioned above, if the pressure within the vacuum adhesion 
room 15 is changed from the vacuum state to the atmospheric pressure 
after first pressurization is completed, the pressure can be almost 
uniformly applied to the substrates 33 and 34. If the pressure within the 
vacuum adhesion room 15 is abruptly changed from the vacuum state to 
the atmospheric pressure, the adhesive 37 is not sufficiently pressurized 
as described above. Thus, the gas tears the adhesive 37 and enters the 
vacuum space unit 40, resulting in a defective liquid crystal substrate. For 
this reason, in the present embodiment, the valve 22 of the pipe 21 is 
opened after the first pressurization, and the gas pressurized from the 
pressure source coupled to the pipe 21 is introduced into the vacuum 
adhesion room 15, so that the pressure slowly changes to the 
atmospheric pressure. If the inside of the vacuum adhesion room 15 
slowly returns to the atmospheric pressure, the pressure is slowly applied 
to the substrates 33 and 34, which are then slowly compressed by the 
adhesive 37. Thus, the contact area between the adhesive 37 and each of 
the substrates 33 and 34 slowly expands. By doing so, since a difference 
between the internal pressure of the vacuum space tmH ^O and the 
pressure within the vacuum adhesion room 15 becomes high slowly, there 



is no possibility that the introduced gas tears the adhesive 37 and enters 

the vacuum space unit 40. 

[0053] 

Each of the substrates 33 and 34 in this state is shown in Fig. 3. 
5 The distance between the substrates 33 and 34 shown in Fig. 3 is about 10 
|im. In this case, the adhesive 37 is compressed into a shape close to that 
from Fig. 2 to Fig. 3 if the gas is introduced into the vacuum adhesion 
room 15, as described above. The viscosity of the adhesive is lowered due 
to thixotropy property. In the present embodiment, in a state where the 

10 viscosity of the adhesive 37 is lowered, the atmospheric open valve 23 for 
returning the inside of the vacuum adhesion room 15 to the atmospheric 
pressure is opened to apply the pressure to each of the substrates 33 and 
34. In particular, when a pressure gauge provided in the vacuum adhesion 
room 15 detects that the pressure exceeds a predetermined pressure, the 

15 valve 22 is shut and the cylinder 24 operates to open the atmospheric 
open valve 23. Thus, the pressure is added to the substrates 33 and 34, 
thus completing adhesion. For example, the predetermined pressure can 
be a pressure that allows the introduced gas not to tear the adhesive 37 
and not enter the vacuum space unit 40. 

20 [0054] 

As such, since the inside of the vacuum adhesion room 15 rapidly 
returns to the atmospheric pressure, the contact area of the adhesive 37 
becomes wider against each of the substrates 33 and 34, and the sealing 
propertyjs improved accordingly. Thus, there is no possibility that a gas 
25 between the substrates 33 and 34 may tear the adhesive 37. Furthermore, 



the adhesive 37 is rapidly compressed since the viscosity thereof is low, 
and the liquid crystal 39 is pressurized and compressed and then spread. 
Accordingly, an adhesion time of each of the substrates 33 and 34 
becomes short. 
5 [0055] 

As described above, if the adhesion is completed and the pressure 
within the vacuum adhesion room 15 becomes the atmospheric pressure, 
the gate valve 17 is opened. Further, the application of the voltage to the 
electrostatic adsorption electrode of the table 9 is stopped. After suction 

10 in the vacuum adsorption holes 9a is released, each of the elevation pins 
35 is raised to push up the cell from the table 9. Thereafter, the hand of the 
moving machine is inserted from the first aperture 15a into the bottom of 
the cell (between the cell and the table 9). The cell is moved on the hand 
and is then taken out of the vacuum adhesion room 15. 

15 [0056] 

In this case, the cylinder 24 that moves the aforementioned 
atmospheric open valve 23 is set to open the atmospheric open valve 23 
even when the pressure within the vacuum adhesion room 15 is in the 
atmospheric pressure. Thereby, although a user forgets closing the valve 

20 22 in the aforementioned predetermined pressure, the atmospheric open 
valve 23 is automatically opened when the pressure within the vacuum 
adhesion room 15 becomes the atmospheric pressure. Therefore, the 
pressure within the vacuum adhesion room 15 can be controlled not to 
exceed the atmospheric pressure. Further, due to this,4he-a^curacy of the 

25 cell is not degraded and the stability of the work can be secured. 



[0057] 

Furthermore, in the present embodiment, it has been described 
that the first and second exhaust tubes 20a and 20b having different 
diameters are switched by the switch valve in order to change the exhaust 
5 path, and the exhaust speed is thus controlled. The present invention is, 
however, not limited thereto. For example, only one exhaust tube can be 
formed without forming the two exhaust tubes 20a and 20b as in the 
present embodiment. The exhaust tube can be connected to the vacuum 
pump and the exhaust speed can be then controlled using the vacuum 
10 pump, in this case, the exhaust tube has a thick diameter (i.e., the 
diameter the second exhaust tube 20b of the present embodiment). 
[0058] 

Thereafter, a modification example of the aforementioned 
secondary pressurization will be described. In this case, unlike the 

15 secondary pressurization, force of a direction that opens the atmospheric 
open valve 23 is previously applied to the cylinder 24. The force refers to 
small force of the degree in which the atmospheric open valve 23 
continues to close the second aperture 15b (continues to maintain the 
vacuum state within the vacuum adhesion room 15) when the inside of the 

20 vacuum adhesion room 15 becomes a vacuum state. In particular, the 
force of a direction, which is previously applied to the cylinder 24 and 
opens the atmospheric open valve 23, is set lower than tension force that 
is applied from the vacuum adhesion room 15 of the vacuum state to the 
atmospheric open valve 23. 

25 [0059] 



In this state, the valve 22 is opened and the pressure source 
coupled to the pipe 21 is then driven to slowly introduce a gas into the 
vacuum adhesion room 15. If the gas continues to be introduced, the 
vacuum degree within the vacuum adhesion room 15 becomes low, and 
5 the tension force becomes smaller than the force that is previously 
applied to the aforementioned cylinder 24 and will open the atmospheric 
open valve 23, the atmospheric open valve 23 is automatically closed and 
the pressure within the vacuum adhesion room 15 rapidly returns to the 
atmospheric pressure. As such, as force is previously applied to the 

10 atmospheric open valve 23, the inside of the vacuum adhesion room 15 
does not exceed the atmospheric pressure. It is thus possible to secure 
the stability without causing the accuracy of a cell to degrade. That is, the 
atmospheric open valve 23 can serve as a safety valve. Further, even in 
the present embodiment, the pressure source is not necessarily provided. 

15 [0060] 

Hereinafter, another modification example of the secondary 
pressurization will be described. In the present modification example, 
force of a direction that closes the atmospheric open valve 23 is 
previously applied to the cylinder 24, unlike the modification example. The 

20 force refers to one that maintains the close state of the atmospheric open 
valve 23 until the pressure acts when the pressure within the vacuum 
adhesion room 15 becomes higher than the atmospheric pressure. In this 
case, the force applied to the cylinder 24 is decided according to the size 
of each of the substrates 33 and 34i The greater the force necessary for 

25 adhering the substrates 33 and 34, the greater the force. 



[0061] 

As described above, the valve 22 is opened with force previously 
being applied to the cylinder 2, and a pressure source coupled to the pipe 
21 is driven to slowly introduce a gas into the vacuum adhesion room 15. 
5 The gas is introduced until the pressure within the vacuum adhesion 
room 15 exceeds the atmospheric pressure, in particular, when the 
pressure exceeds force previously set in the cylinder 24. If the pressure 
exceeds force previously set in the cylinder 24, the atmospheric open 
valve 23 is opened to return the pressure within the vacuum adhesion 

10 room 15 to the atmospheric pressure. As such, force of a direction that 
closes the atmospheric open valve 23 is previously applied to the cylinder 
24. Thus, even when high pressure is needed in adhesion of the 
substrates 33 and 34 since the substrates 33 and 34 is great, force 
necessary for adhering the substrates 33 and 34 can be uniformly applied 

15 by controlling the force set in the cylinder 24. 
[0062] 

In each of the modification examples, adhesion is finished through 
the pressure, as described above. If the pressure within the vacuum 
adhesion room 15 becomes the atmospheric pressure, the valve 22 is 

20 closed and the gate valve 17 is opened. Further, after suction in the 
vacuum adsorption holes 9a is released by shutting a voltage applied to 
an electrostatic adsorption electrode of the table 9, each of the elevation 
pins 35 is raised to push a cell over the table 9. Thereafter, the hand of the 
moving-machine is inserted between the first aperture 15a and the bottom 

25 of the cell (between the cell and the table 9). The cell is then moved on the 



hand to discharge the vacuum adhesion room 15 to the outside. 
[0063] 

[Second Embodiment] Hereinafter, a substrate adhesion apparatus 
according to the present invention will be described in connection with a 
second embodiment with reference to Fig. 4. 
[0064] 

The substrate adhesion apparatus is the same as that of the first 
embodiment except for the following points. More particularly, in the first 
embodiment, the gate valve 17 and the atmospheric open valve 23 are 
provided separately. In the present embodiment, however, the 
atmospheric open valve 23 is also used the gate valve 17. The 
construction thereof will be described in detail. 
[0065] 

The construction of the gate valve 17 and atmospheric open valve 
23 according to the present embodiment, which are provided for a 
combined use, includes a gate valve 41 that closes the first aperture 15a 
of the vacuum adhesion room 15, and can move in the up and down 
direction, a plurality of shafts 42 disposed on an opposite side to a closed 
surface of the gate valve 41, a cylinder 44 that is disposed on each of the 
shafts 42 and can move the gate valve 41 in a direction that is separated 
from the first aperture 15a (a X direction in Fig. 4), an arm 45 which has a 
L-shaped cross section shape and has a linear guide 43 that slides the 
shaft 42 disposed to surround each of the shafts 42 in an axis direction, 
and a cylinder 46 that moves the gate valve 41 fixed to.the arm 45 in the 
up and down direction. In this case, the second aperture 15b shown in the 



vacuum adhesion room 15 of the first embodiment is not formed in the 

vacuum adhesion room 15 of the present embodiment. 

[0066] 

The adhesion operation of each of the substrates 33 and 34 in the 
5 apparatus constructed above according to the present embodiment is the 
same as those of the first embodiment except for the operations related to 
the gate valve 17 and the atmospheric open valve 23 in the 
aforementioned first embodiment. In this case, only different points in the 
operation of the present embodiment will be described. 
10 [0067] 

First, in the case where each of the substrates 33 and 34 is 
introduced into the vacuum adhesion room 15 or a case where a cell is 
taken out from the vacuum adhesion room 15, the cylinder 46 is drive to 
move the gate valve 41 up and down together with the cylinder 44 or the 

15 arm 45. In the event that the pressure within the vacuum adhesion room 
15 is rapidly returned to the atmospheric pressure upon secondary 
pressurization, the cylinder 44 is driven to separate the gate valve 41 from 
the vacuum adhesion room 15. The first aperture 15a is also opened to 
introduce the atmosphere into the vacuum adhesion room 15. In this case, 

20 force can be previously applied to the cylinder 44 as in the modification 
example of the aforementioned first embodiment, and the gate valve 41 
can be operated in the same manner as the modification example. 
[0068] 

A? such, the function of the atmospheric open valve 23 according 
25 to the aforementioned first embodiment has the gate valve 41, thus 



reducing the number of components. Furthermore, an apparatus can be 

miniaturized and can be easily assembled. 

[0069] 

[Effect of the Invention] 
5 According to a substrate adhesion method and apparatus thereof 

in accordance with the present invention, two sheets of substrates are 
introduced into a vacuum chamber, and the vacuum chamber is then 
slowly exhausted until the inside of the vacuum chamber obtains a 
predetermined pressure. Further, when the pressure becomes the 
10 predetermined pressure, the vacuum chamber is rapidly exhausted to 
become a vacuum state. It is thus possible to prevent tearing of 
substrates or frozen moisture. Accordingly, adhesion can be completed 
surely within a short time. 
[0070] 

15 Furthermore, substrates are mechanically pressurized and adhered. 

A gas is slowly introduced until the inside of a vacuum chamber of a 
vacuum state obtains a predetermined pressure. Further, when the 
pressure becomes the predetermined pressure, the gas is rapidly 
introduced to make the inside of the vacuum chamber in an atmospheric 

20 pressure. It is thus possible to exactly position a distance between the 
adhered substrates, and to complete adhesion within a short time in a 
sure way. Accordingly, an excellent substrate adhesion method and 
apparatus thereof unlike the prior art can be obtained. 

25 [Description of Drawings] 



Fig. 1 is a partial cross-sectional view illustrating the construction 
of a substrate adhesion apparatus according to a first embodiment of the 
present invention. 

Fig. 2 is an explanatory view showing each of substrates after first 
5 pressurization in the present embodiment. 

Fig. 3 is an explanatory view showing each of substrates before 
release of the atmosphere upon secondary pressurization in the present 
embodiment. 

Fig. 4 is a partial cross-sectional view illustrating the construction 
0 of a substrate adhesion apparatus according to a second embodiment of 
the present invention. 



[Description of Numerals] 
9: Table 

15 15: Vacuum adhesion room (vacuum chamber) 
16: Pressurization plate 

20a: First exhaust tube (second exhaust mechanism of exhaust speed 
varying means) 

20b: Second exhaust tube (first exhaust mechanism of exhaust speed 
20 varying means) 

21: Pipe (first gas introduction mechanism of introduction speed 
varying means) 

22: Valve (first gas introduction mechanism of introduction speed 
varying means) 

25 23: Atmospheric open valve (second gas introduction mechanism of 



introduction speed varying means) 
33,34: Substrate 
37: Adhesive 
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?rffl^*ifi] mi^oYmrtn) wares** 
zti&. mizx. exT- s J4c\t. m^rvyin 

^LI^^-^8(Ci^TYXT--v4b(^LTa 
[0022] ZLZZ\ ^f-y4cl(Cli, TSS3 

3^SSffi^^x~^9A^ai o** i/ciue 
3*UO**. ttz. blCfcL @R^ryy 

^ 1 3 £ J^-/P 1 4 LT£ft& 1 0^T8Pffl* 
Kfi-T&T-Ai l^ffiig^iiT^O. ZiUz£*)3ffi 
ttl0i0@R(cff->Tr-Al la&sofefiTHeL^V^ 
J:5tc^oTV^ # -tOT-Al li:^!40 

l 50TS(cffi^S:H^rst*fc:$^fti otrggf 

[0023] ^tmmizb^xiti&f&iozT 

-r;U9^s&^(c-4s:gg^tTir^^ % ^-fLt«rii 
lzm£tht><7)X'&%<. WUfexf—iSAc^Xh 

-rtiMi) £nmtzmn®&mmx%tiif*w$ft 

mommisiiizhxw 

[0024] imm^b^m mm^bit&s 

2li. MUZjfrtZo^ ^T(CTZft^S^3 3. 
3 4<om£bit£'tToM£Sti')£bVm (M^^y 
A) 15 1. Z<vn£m£bitmi5ft( f zW£i$tit: 
r—7)V9t. Ht<JGHS9*i>tf2l SrtTr-y 
^90±^rfc:^LTffi^$n^JflEffil 6i:^^-r 
I). -r-y;U 9 ^(i^^t ^ 3 7 ^ 

&3 9mV^ixfzTm33tf®m&ftZii. JOES 
1 6tc^OTSfi3 3fcIS9^fc«:* ±SS34^« 
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[0025] jj2S£is9&*>*gi swuscti. # 

««3 3 . 34 i&X?h%0>m-ffin$& 1 5 afl^t 
/^17« % ^'J>^17AfcJ:-,T±T^I»l(ai4> 

[ o o 2 6 ] mz. mmosbitm. 1 snT&wm 

<O8E§Vf2 0a. 2 0b*<ffiig$^TfcO» Ztlhm 
^1=2 0 a, 2 0b(i v H^Lftv^y^/SrftLT 
S£*>7-fcSa££*l*. CliT. m-^f 20a 
S&Z^^2 0bfcJtfc'<Xim^OtffflUf>*u 0|| 

tif&«wfflmm<?ymm<7)i8&^ m-m$<§2 o a 

1 t-fh t . ±^HV>&-mV£ 2 0 blift l 0 
~10 0£ggOgOt<9#ffll,^fU,. ;o^ s H 
-#Bttf2 0a<0©± s ^0^-p§vf 20at>>t>im 

■r s *%< esk o 1 5 * * Kaftan* k 

C ^<7)^ttJ;-3T£S3 3, 34<0&ft» TS« 
3 3 iOSEfB^a^Etc «fc Srtfl-o&gtffg^ L& 
ft* J: a fcifc&TS . Ml tf-eogcog^Sg 

[00 27] it:, Mg&Virbitmi Sfl^r-T'/l' 
9fiS{cli x TS®3 3Sr0^Uft^8t8A^SItK 

e>3 5**ARSfis. <ro#&e>-3 5«i. *o-sg 

(Hl«fOT«) t^'JV^3 6*^SS^TfcO. ; 
Ov'j y^3 6KJ:oTt-7/U9 t^j£U:mii?Lo 
^£^T#|a]l£|£I!rC#£> «fc 3f8j£$itTU&. 

[0028] sEKX, g£IA 0 1 5 0±gStcli 

^OKSIfiO^fc-li-gl 5 rt<OJt£ttS£*«EfcK-r 
fc?>I!^2 1 fc. XSIAO^fcHi-gl 5 fit;?* 
50 S-^A-f*SL<li^®rt*^{cE'g2lco^«t>C 
fli;e.*:#2 2fc#Hg$;ft.£. ®%21Mm 

*vtoHWM muf*>7) mm^nxao. -r 

[0029] JEaS9£;b*£l5«>WI (IBB 
*(0Kmi 9 1 5 fifcB&HJgeoSSZBI 

osb 1 5 b *mm-hmtm^&h*$>m.#2 3 

^(0±SCTfc#2 3Sr^Z^OS81 5bA^g0$ 

sc#2 3f sit. ^(oi3mm23zmzmi&\ 5 

b*^ffiS$-fr*dtti:oT. SSIAO^irfrMl 5 

©2 1 co&£ 1 1 -th t , mannas 1 5 boosii 5 



( 0 0 3 0 ] Mfc. JC£ft!i9£*>-ttmi 5W±|?aiSD 
E£ 1 eWMStotS^L&v^-^giyfljLfciiL 
"t±T<9&S«3 3. 3 4 

tf?-??>®Sfcii@ 1 £5F$t£mm*7 26m^ 

-<0i2l8ffl^52 6fc:i->T^Sg3 3. 3 4 
[0031] 8vv£ N T-77«>9«i; ifmmx«mS 

h. 

[0032] *<rmwmm%&\i* *mtmm^$ > '> 
±sm) tfmmmbtixts') . zwmftozwtf 

f&ztiT ^ hmm&® t <r>mz%£.t& ? -o y^x- 

TS«34*«f-7 r ;U9Kffm©§Sil*. rrT. & 

( 003 3 ] w&m^h^mi 5 

it. mi£ltiMmmil9 afciSS^I^t^^o/o*- 

t 7—7ji> 9 <omz&m#t> h t . xzmm 

It* ! MUTi«34 J ?>f-^9 tmiX It 
5. Ztltfi^ mH£Tm^34t:7--fJl'9izB.mz 

®%&m-zk*itmm&*ss.Ti,z$>&0)X': jt-f«?i 

[ 0 0 3 4 ] Kit. #KS®^?L9 a« N ffif 1 8 

Lz^nQxynzmmztix^z,. zv®^ *<om 
^i 8<^*£im£®mfmm<7)'W7zirtx*M 

^9«. IMLfc*«lB<'iftei 0^^LT^Xx->-' 
4c±(c@^$*i*. 

[0 035] *Jt. JpEScl 6tc«. x-^9fcH« 
A { JD<SUE«1 6(CT±Sfi3-4 ^©?l©^LTl^«c 
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mmo-shitmi s^wi. Mmi 6<o<i*> 

3 40*tftta»fc SZoo^S8t^LTE^$iiTfc 
[00 36] fi^Wtii. BSLSrwa*. SSEBfiO^b 

«33. 34Olfi0^i>-frSrff^v T£8B3_h£SS 
T$ft.fc?SiSiiS'l£&g£3 3 . 34«0±ffiOJ£*«')*|pI 

Zlti>Z}:tfX'*Z. 

(00 37]_hfe#K2iR£fLi6att, E-gl9^ 

icmfcZiltctiaEm 6*i. ^S<03i^ft2 7^LT 
ZSffisax-r-yas 3cr>m??h&®<-x 2 9 ft 

[0038] Jffitt9£tri££ 1 5 k#§!K- 

X2 9tO0W±, *2lfi0^^^1 5±fc-tffcH 
9c9TS?Kf6Jg£|Ug-f * fc Jt^ 

6. 

[0 0 3 9] [Z«»»*f-»*] zm®*T-iS 
SPS 3«i» JnES 1 6 9 Ttfft^TS^iJK-x 2 
9 k . -fto^fc:ss$fi^ y ^T#4 K 3 0 1 . £ CO 
'J-Ttf-f K3 0£Ctel&O7ls-.&3fcKft6*l*: 
±T^T|S] (SltjjcfZSfcfriS]) ;U3afc. 
ZWT&WiiJlMZffiz.tcmMl^-? 3 2k, -4g*f^ 
SK-X 2 98gt&£ LflOfflj^tf^Urt-? 3 2<0tfJ 

awfflfcffi£-t*;K-/M.>?3 it zni? 
^zmmAT-v&s3*®mhz.ttzz->x . r 

S?^^iS*-^3 2T#IK-X2 9£P-/Mcft 



[0040] [S^O^fci^gcofmO ifcfc. #11 
[0041] K VishikhZ&ff>m.<rMtlir- 

t:mnzmt&b$tx-fh&. muzmmz-wmz 

[0042] jfef. X£tt9£4>tf£l 5«>ttS(cfiK 
fc|6Ut)t±M[3 40jgg^$rTISI*^©^|©^f 5 . 

*u\ nmvubitmi son-em 1 5at=<i 
ifty- h^vur 1 7 hr*. *«osi-§3as 1 5 a*> 

Site-* 3 2 SriEEb LTT»S*feanE« 1 6 » h& 

ifeu u&*>y*ft®xitx<m\®Miii 6a.v±m 

MttKTf-ftJ:. "VKfcXSttQftfctfkl 5JMC 
[0043] «wc % V 3 5<0Jfe«*<T-7';P 

9to±ffi*>4,5§tt}-f s J: 3(ci^y y?3 etfmzits- 

m^>3 5i±^itXH<. *LT. iS B B B £jSTL 
fc®£±fc LtSTg& 3 3 ^MiS$-ei8Ja<0^y KT 
Tlffl*^©?|®»L. •5-W\yH5'm^fiS0^*>-tirmi 
5 rttlf A LTTS« 3 3 Sr##^ey 3 5 
«>. wC0TS«3 3c0»l8A<^7-r§i:. A^KSJGS 
IfiO^-li-^l 5^fcTjSiS?$-frT^-hK;l,7'l 7^13 
tS. U>S^. €#Key3 5SrTK?-frTTSffi3 
3Srr-7'rt'9±(cKgt, X^vrS'^giS-ti-T© 
?I©§7L9 aT'TSK3 3 Srf— TV^fcXS®**- 

[0044] ULbOiB# r-T'/l'g kJnES 1 6^co«- 
3 3 . 3 4 flHHhWrr*-* t . ^-St^f 2 0a 
HI<0^l'rSrHKLTSSgfi!i')^*>^l 5rt<o^*x^ 

SO^.TOSlCT^-SlX^ZOfitat 20a. 20b 
ifim><fr7£.X iXWlim t t#ifc««(cRS3*L 
T*J0.^S«3 3. 3 4cOi»^#irr-fSi:, SE-» 
«t 2 0 affl£§tj&Lfl-?filZ#B«;t2 0 b Hfrffl tfc 

**SSfcRSLfc»-^Kl«2 0 a^ffl^TffiaSm 
LTV»6<0T. *'xcogSft.tiSS^3 3. 34<DS 
it. Tm. 3 3 ±(Ojg B a B <^RIi^SJIfc j; ^ *^>X^ 

[00451 m^x. m-m%^2 o at j: mmz* 
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[004 6] *LT. a^iftn^Oba/ttrySBttt' 
U #S«3 3. 3 4£IA9£;btfi>lj<0EfJ (*H!S 
J$g£;f>->T(±#5X 1 0- 3Torr) iTM^O^h 
•fr^l 5rt^,^Sfc^£E-tS. *<?>l£J}TX'\i 
±SK3 3<7)^©^J;0t,^IA»)^i>li-Ml 5fl 
<^E«0^*tfi< 5r-?T^S<0T\ *-<D±2&3 3 *<Jn 
E&l 6*^®h.TL*3. L*>UttfA>. SaESl 6 

8tmjft£gia>LT±g«3 3A«»^$iiT^SO-e, 
-?-<0±S«3 3«SnffSl 6*^SHL=5rV^. 
[0047] ±&Lt:tfto<&mti*)<Ssbitm 1 5 fl<9 
Sffi^Ttl. b . 3 3 . 3 4 £ f- 

^gtsnffsi etc^KifT-^si^^ *<o-f- 

&SS3 3. 34£im8fcg-fl>. L*>£flL miSt- 
^3 2S:^aiLT&iK-X2 9^m§-li-. 1MWL3 
4S-TS«3 3(c«J6$-)i-|,. *LT. 121^*72 
6 £ffiHT#£«3 3,34 fcl<fc<ag£:b-£v-:? 
SrffifflLTS«3 3. 34lB©fl»«l*»eU Z\<0 

<?*-f->-'4 cOl!tf^Jffll^ffo-Cf-r/P9 

TSS3 3 fc±SS3 4 fc<D&ftJ£&{£S£;b 

[0048] **Hflate;bthwrrc-4 t . #ek-x 

2 9Sr5!tm$-li-> ±SK34^ifS1Sr}?LitUT 
-"ifc&ilEfcff-j. .KO-ifc&nEO®. JnE«l 6(0ffm 
K£ii&<0£MnmE£flBJr L . ^ii*-:?3 2£S8i&L 
TJnE«16Sr±#$ti:S. 
[0 04 9] iif. Zff)-mm&(0^m3 3, 3 
4<D#S£02£jJcf. i<0^&C0S«3 3, 3 4fi<7) 

IrVjrH. .Ifi*^ g»Sq3 70jiflfi*^^<. -£<0 
Jgt^3 7tiJft&*S«3 3.34 t<0g«ffi®A>*/h 
£^ <fi$i&&S 3 8#*g^) OT1g^tt<g#qr^:£T' 
i>5. SfcHL S€S93 7<OWicoS B a B 3 9* { J[5A5^ 

•f. -e<7>?g a a a3 9St^#^«^ai4 0*«T-^-n> 

[00 50] i<Oid^«SK3 3. 3 4c0tt®«. 15 
MUcG^C^f-JoE&l 6<DSllE?]*CF£-f 

3tLTt,iv^. LfrL%tft>. 3m&*3l{tLT Lt 



iXLto. 

[005 1] ££r. M'mOShitmi 5rt<7)E^]5r 
J^^f>*SvE'\i:£fc$i*-£fc. SK33. 34 
UtoSSStt (15i£L*:E22iaS54 0 ) ttJtSftS? 

&SS3 3. 3 4fctiB&%-t-eoJ1-g?A^^: 
& fcEfctfJttbS . flfctfef 3 3 , 340)±$ ? # 

1 20 0mmX100 0mmOi§£li, %<nWfo33. 

121. 6kN<0^^^(t|,^i:*tT-#S. 
*^6fcJg&fc£oTte&TOft<zydmE£ffv\ S# 

[0052] tlli&Ltztf1ta< -<fc&[lE&7&(cE2S£9 
^fctfSl 5rt£g^f^<^E'\fcE:*j££ft$ 
•£6fc.&S&33. 3 4tclil6%-tE^$-Dnil)i 
fctfT'S*. L*Lfr#&. f&tcA&EKBILfcii^ 
«i, MaL!tA%<S«fS«3 7*<i^+#t=}gnTV^ 
V^, #**<*OfglfaJ3 7£&-,TE££iagB4 0fc 

*. *mmmz$>->xu. -d^asmjmm^^ 

2 1<0#2 2S:^ftt. fo»»21(Cttgtt«EEAS 
A^JnES;h/c#X£g2flfiD£;btfgl 5ftizmX? 
S;tT\ &*fc*$\EKKt. .roidtcgSttOS- 
*>-ttSl5rtSrt^{c^EC^LT^<i:. &g&3 
3. 34(c»i^fcE** { j0ijO, g«Si|3 7A<^t: 
»fO><. *LT£;h.fc:«i:ij. ^t3?37fc#SS3 
3. 34tOgil!®S[t,^fcte^rr| ) . ;<oj:-5fcL 
T£££fUgB4 0V)ftKtM£§} l r ) £bitm 1 5rt<0E 

£31 3 7 «: Ko -CSBSSmai4 0 rtKA 9 &tf £ t fifr 

[00 53] C<04tH<0#aS3 3. 34£03tCjS 

•t. i«S3(=5s-rs«3 3. 3 4iaoia^ij«ji0M 

mggtc^oTV^. ZZX\ «g»I3 7(i. m^L^ 
* J iD<S2&!i , 9^*)-ti-gl 5rtt*'X^A-fi.t. 0 
2 3 iZ&^BttlzmtllZ b X^Mtfmz. *) , f- 

*-oTJi^(S0^S13 7C0«JgA«®TLfc«ST\ MM 

#2 3m&Lxmz&m&3 3. 34aamfitMt 
h. nftwtcuL mmmshitmi srttc^tJtE^ 

IH 5 m^E imttzZ b 2r^Hi L^: t $ C# 2 2 

fl^ , J>^2 4$rf^$^TAmBaSc#2 3^ 
4!rtSitt:J:-7T, *S«3 3. 3 4{ciaE^J* { Jai> 

m r )&hit&®T-fz. mm *<om%Eb lxh. 
mx2tuz#xtfmmm3 1 x%^u^4 o ^ 

fcA'J&tf.IttfSKSroJtfcJ coe^j ^ ^ ftHS^T" 
^ajLT!3#. -?"<OE*$r^LTfcWfJ:^. 
[0054] .KOidtl^tzmSBS'J^fc-ti-^l 5rt 
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ztMEizmtz t let ->x . mm 3 7 <?wmmtf 

S-SK3 3. 34tC«LTJ£*f)^-/UttA«lfiJJ:-rS(0 
•C. S«33. 3 4mi£tiXtfmm3 7£Wi'>XA*) 
iitt.: S^3 7l±-£<0ttg*<® 

TLTli&*(caK>*c&fU fio?&? a 3 9t,iiiE$fi 

BWB<fc*. 

[0055] JiUi^L^iD<IA0^i)iiT5^7L. g 
WimSIiO^iD^l 5rt^E**^§vEt^5t, 
y-h^7-17^HltS. -tLTs r-7-;U9<0if^ 

<t*®3l£JSK;L*:&, «#Key3 5S-±#S^T-fe 
A-£T-77U9±*^J¥L±tf*. LA>S&, &W&r> 
^yV&sS-^fflQUl 5 a*^-fe;KOTS (•fe/Pfc-f- 
771-9 COS) fcifAU -eo^VHitc-fe^^iSLr 

1 0 0 5 6 ] ZZX\ S5aLfc*$yift#2 3 5r»A>-f 

^y>^24(±. mm^hitmi s^oae^*^ 
#fct^sas»#2 3 SBftlW* J: ^ CR 

KL-SfiTt. S£I5 ») i 5 ftcOE^'ASvE 

t=SrStei!i«tA^S#2 3*^S:$fiScoT- % jj 

tLXZiitf^ -t;KOflfj£®T£ 

[00 57] j3L *Ht6^(cfcoT<i±?(0^^ 
— &tf£_Ol#SW?2 0a, 2 0b5rflJ^yC;ur(c:J:-3 

=5r<. 0Hi.(f*^S6BScO*n<Z^<Ogmf 2 0a. 2 
0 b ^mz-rxoWSSM <0*Tffl« LT £ OgJSVt 

$tt*MWl/CiJ:K SF^ftt. *vi*o 

•s ( ntrtsgfraoszttsff 2 o bmm iz-t 

1 0 0 5 8 ] 8vvc. |?3*L.ftZ<fc!mE<7)^g||^|a^ 

•J 2 4 (CAmra»#2 3 HKJMOftSflKtTiS 
<. *<0*ttt. 9£;btf £ 1 5 rttf*S««Sfc: 

WKm*ls&rchi. jw*wwi. 

^24 C^i&J&ltfc ASvSft# 2 3 £§8 < J „ 

*2*Eo*gas o 1 5 e^f, 2 3 

{00 59] &±(Omtf&T#2 2£ffiBlL. K<g2 

as 0 1 5 ftvngmmz < & 9 . *§yife# 

2 3 £H»L J: 3 -fsa^L/ly t» >^24fc:^tf>f&(t 



ACHATS I51;>jt9:fra</h3 < £ . AmH»#2 

^^StcA^Efc^S. zniotz. ^AmS»#2 
3tSSc6-|filcO^SrjDi.Tfc<if:t:J;o-C. 
«*>^1 5ft#*SHEimii>BJ)tz%&Zbitt: 

*<9*Sv§aft#2 3£££#fcL 

[006 0 ] 8£l<vC. coffitoS^g^ SriSHBt 

4fcA^&#2 3^Htl»*|fij<0^i&»{tTii<. * 
O^jfcJi. ^2flSO^i>-«i-mi5rt^ff^*«A^EJ:0 

#2 36«Kt^«!SSrS-?^TftS. dtO^-g-cO^y 
^24tcj&ttS*{±. SSS33. 34cO*#$KJ:o 
-OfcgSfu -K9&S&3 3. 3 4coaS0^*>*tCg-f 

[0061] tLhcOjiO< : fa6>-'J V^2 4iZji£®Vtz 
m?#2 25r^&L. ffil=2 1 fcttK8*ifcEEfcS* 
»LTE^a60^i?^Sl 5rtt»-»C^^HA-f 
*. iO^'XJi. K2lfi0^i>ti:^15rtcoJE>j*«A^ 
ff?r^5*T'. ft«c«lfc{i>-'J^2 4t:^i6^L 

^2 3imm$tixM^M^hitm.i 5m<*§iKiz 

m.ZtLh. zcoidiz^ W^'J>'r24fe:A^&# 
23£mtttfaC0jj£mXii<Z:t<,ztr>X. #S 
«3 3. 3 4*^V^-ecofifiO^^A#^Slffi^ 
Sr^t^4^rt,» ^'Jyy2 4fcl^-rs^S:p 
S-ti. ^ t T\ 3 3. 3 4 com ■Shitl.Z&m'i 

JjtmizMl&ZtffX-Zh. 
[0062] ±^#^WtCfc->T<i. Wc^ltzm 

^fctirMl 5rtOE^j««AS^fiE(=^l,t, #2 2£B! 

ifim^mtt:^ «#Key3 5^±#$^-T-t 

^■f-7';U9±^fe»LJblf&. L*>l.^, ^a®co 
''^>H^•^-^□Sl 5 aA^-fe/K^TSB (*;l^kf- 

(0063] CffzmnW] *ftH(zai&&ft 
!49^t>-tf-g§^ZMIBSt-Q^r04(cScJ^T 

[0064] COSSftSO^-ttggfi, m&Ltzm- 

X'iiy-h^iuri 7tA^8c#2 3t tg«H*4L 
TS»«:*«, *^6feJg®fci!,- ) T(i-f-cOAm^&#2 3 
$r^-MNWl7tagfflLTgJtT^I,. ttTt-eo 
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c o o 6 5 ] %-mm.w- v 1 7 1 *$sm 
hitmi sots-mam 5 z&mmf&Mzifi.TX 

HZ&®&tE&y—hrtlU74 It. Z<oy— 

4 2t. C^#v+7h4 25'3ilSL)tEK:SgSfi 

•floy-r^r4 i*s?s-ging|5i 5<L&e>tmm 

(04(C*rfX;fr|6l) t$m&tti'V>r44t. * 
h4 2^^g§Jut-?-c7)^7 h4 2$-«5T|S] 
WISrt* 'J-T#4 H4 3 S-fiiifc0!li{fBiSii«L^ 

««or-A4 5 1 „ z(07-A4 simfeztrjzy- h 

^74 1 <n±.T1iftvmjfm*ft o is II >^4 6 1 
£*Tfl.. lit, ^iSJgS^SIA'J^-t^l 5 

[0066] ioJ: 0fclM$to^im<gcDgg4) 
&SK3 3. 34Wlfi')^fo^iWRi. iuiSLTtSS-gg 

mmttm&y- v^v? 1 7 2 3 <ca 

[0067] 5W\ #SS33. 34*mm9-$th1t 

rt*^tKait yy y/4 6 om^itxy- 

N<;P74 I$i/'JV^44^7'-A4 5k^(C±T» 
fiOEfl $raMt^EtM-Ti§^ii s ^ «j y ^4 4 £ 

ft$)Zitxy-h'<>i'74 1 s-Ksiso-s-fc-e-^i 5 a* 

*>&ISS-t*\ m-fflUgtl 5sL£ffltSct$>Ztlzji-,X 

^Si^bitmi5mz^ i mxLxnhii&. z 
44(c^ft^^ftTfc#. zm&mtmmtzy-b 

Xj\s74imftZltXi>i:\\ 
[0068] ZOi: o (c. m^U^m-iy©gS<r)7<M 

ra&#2 3<?>®sfc*y-vx>v?4 it^-ts.1 tt: 

[0069] 



*nn^+y/W*^<0&<z%&&X1£«(iZlim-t 

**#(vmm<oft£.t : tij±?i>zttfx-z. ztuzif) 
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